Objective: To summarize the diagnosis and treatment of juxta-ampullary duodenal diverticulum (JAD) in our hospital. Methods: Of 5000 consecutive endoscopic retrograde cholangiopancreatography (ERCP) performed in our department, 225 patients were diagnosed with JAD and treated. All patients were classified based on the location of Ampullae of Vater in relation to the duodenal diverticulum. Of the 225 JAD patients, 96 patients (43%) required surgery. Results: The 225 patients with JAD were divided into Type A (146 cases, 65%) or Type B (79 cases, 35%). Type A patients presented with papillae near the diverticulum or in its margin. In this type, 36 patients (25%) presented with diverticulitis, bleeding, perforation or cholelithiasis, and were treated surgically. Type B patients presented with papillae inside the diverticulum. Among them, 60 patients (76%) had complications requiring surgery. Conclusions: JAD can be divided into two types based on location of the papillae. ERCP was the primary method of diagnosing JAD and patients with severe complications required surgical intervention.
In the 225 cases, JAD was classified into juxtapapillary diverticulum (Type A) and intradiverticular papilla (Type B) based on the anatomic location between the diverticulum and the duodenal papilla. In Type A (146 cases, 65%), the papilla were located near the diverticulum or its margin. Type A cases were further subdivided, based on size and location of papillary. Of the 146 Type A cases, 50 exhibited papilla with an average distance of 0.6 cm from the diverticulum (range 0.4-1.1 cm) and diameter of 2.5 cm (range 1.1-4.3 cm). Twenty-five of these 50 patients displayed complications such as diverticulitis, bleeding, perforation, and paradiverticular abscess due to chymous retention, and 23 patients were treated surgically (23/ 50=46%). The other 96 Type A cases had papilla located less than 0.4 cm from the diverticular margin. These patients also had monodiverticulum but the average diameter of the diverticulum was 1.3 cm. Under these conditions the retention of chyme was rare and most patients did not present with any clinical symptoms. Only 14 displayed complications such as cholelithiasis and 13 of them received surgical therapy (13/96=14%).
In Type B (79 cases, 35%), the ampulla opened into the diverticulum. Patients with Type B had monodiverticulum as well, and the average diverticular diameter was about 2.1 cm (range 1.5-3.6 centimeters). Cholelithiasis, retrograde cholangitis or pancreatitis was obviously observed in 62 cases, of which 60 patients underwent surgery (60/79=76%).
Of the 146 patients with Type A, 36 cases (25%) were treated surgically, including simple diverticulectomy or diverticula rhaphy (21 Three standards/levels are commonly used for assessing patients' recovery from JAD. The first level, "Ideal", was used to describe patients who displayed no further clinical symptoms. The second level, "Reasonable", was used to describe patients who presented with symptoms that were relieved after symptomatic treatments. The third level, "Poor", was used to describe patients who presented with symptoms, such as abdominal pain or jaundice, that required further surgery.
with severe diverticulitis (11 cases), bleeding (9 cases), perforation (4 cases), paradiverticular abscess (3 cases), gallstones and/or common bile duct (CBD) stones (15 cases), and other complications (4 cases). In the 79 patients presented with Intradiverticular papilla type, 62 cases had accompanied gallstones and/or CBD stones with cholangitis, in which 12 cases with chronic pancreatitis, and 5 cases with stenosing papillitis. (Table 1) Most patients treated for JAD did not exhibit the specific symptoms typically associated with this disease. Instead, the patients presented with right-upperabdominal pain (33%), jaundice (30%), acute cholangitis (15%), acute pancreatitis (8%) and other forms such as haemorrhage of the upper alimentary tract (15%).
The median follow-up for all the 225 patients treated for JAD was 5 years (range: 3 months-20 years). Of the 146 juxtapapillary diverticulum, 84 patients were considered to be in good condition, 43 patients to be in reasonable conditions, and 19 patients to be less than ideal condition. Of the 36 cases who had received surgery, 32 patients (89%) had a favorable recovery in comparison with the 19 patients that did not agree to surgical operations. For the 75 pantients with intradiverticulum papillae, 45 patients received surgery and had favorable outcome, 29 patients were in reasonable conditions, and 5 patients were less than ideal. Among the 45 patients treated surgically, those who had cholecystectomy and/or choledocholithotomy with (partial) diverticulectomy or diverticulerhaphy showed the best recovery, while those who received choledochojejunostomy or EST showed good recovery. Patients who had a simple cholecystectomy and /or choledocholithotomy had resasonable outcomes, and the 5 patients who did not agree to surgery showed poor prognosis.
Discussion
ERCP is commonly used to diagnose JAD. Prior to the 1970s, JAD was diagnosed coincidentally during Barium Meal or surgery, and the discovery rate was low (estimated at less than 1%). After the 1970s, the widespread use of ERCP led to increased diagnosis of JAD. Previous studies showed a high prevalence of JAD (1.83% to 32.8%). 1, 2, [6] [7] [8] [9] [10] [11] [12] [13] [14] In our study, 225 patients were diagnosis with JAD after the use of ERCP. We report a prevalence of 4.5% that is consistent with previous reports. Other effective means for the diagnosis of JAD include CT and MRI (MRCP). Franzen 15 reported that JAD can be occasionally diagnosed using a contrast-enhanced CT scan. Balci 16 reported JAD could be observed by CT or MRI when filled with gas or a combination of fluid and gas. 19 classified JAD into three different types: inside (also known as intradiverticulum papilla type), in the margin of, and near the diverticulum. This classification is generally accepted; however, Greene 20 suggested that intradiverticulum papillae should be categorized as a third type of Congenital Cyst of Bile Duct. We classified JAD into Juxtapapillary diverticulum type A and Intradiverticular papilla type B, based on the anatomic location between the diverticulum and the papilla, the clinical manifestations and the pathological characteristics. This classification system also has certain guiding significance for therapy. For instance, Juxtapapillary diverticulum, especially when the papilla is near the diverticulum, presents with a widened bottom but a stenosing opening. Complications such as diverticulitis, bleeding, and perforation can occur readily, because of the chymous retention, and requires diverticulectomy or diverticulerhaphy. When the ampulla is located near the diverticuluar margin, patients usually show no clinical manifestation due to the lack of retention. Therefore, no special management is needed. In comparison, patients with Intradiverticular papilla type require special management because of retrograde cholangitis, pancreatitis, gallstones and/or CBD stones.
It is generally accepted that biliary diseases may be associated with JAD. Panteris 21 showed there was a strong correlation between diverticulum and choledocholithiasis. Additionally, Chandy 19 observed JAD in 794 cases with choletithiasis, about 44 patients with primary choledocholithiasis, 70% of whom had accompanied JAD. This correlation was not observed in the remaining 750 patients, with cholecystolithiasis combined with choledocholithiasis, where the incidence of JAD was 25%. Their studies have also showed the incidence of choletithiasis was highly correlative to the size of JAD. Egawa 12 showed the high incidence of cholecystolithiasis (73.3%) when the diameter of the diverticulum was above 2 centimeters in JAD patients. Our study further revealed that the formation of cholelithiasis was more frequent in the Intradiverticulum papilla type of JAD. In our study analyzing 225 JAD patients, 77 patients presented with cholelithiasis (34%). In 79 patients with Intradiverticulum type, 62 patients had accompanied cholecystolithiasis and/or choledocholithiasis (79%). We speculate that JAD may be associated with incidences of choletithiasis or biliary disease by one or more of several mechanisms. First, Intradiverticulum papilla type of JAD could affect sphincter of Oddi function. This may lead to reflux formation in the ductus hepatobiliaropancreaticus and cause biliopancreatic disease. Using biliary manometry, the muscular tone and contractions of the sphincter have shown to be decreased in JAD patients, 22 and this may be attributed to the sustained mechanical compression of the lower CBD by a distended JAD, suggesting there may be a possibility of JAD reflux. 11, 22, 23 Second, biliary infection may be associated with JAD especially in the Intradiverticulum papilla type. Endotoxins such as lipopolysaccharide have been shown to activateglucuronidase to induce biliary pigmentation that can lead to bile pigment stones. 24 Osnes 25 found that the level of lipopolysaccharide in JAD patients was higher than in the control group. This indicates that lipopolysaccharide is an important factor forglucuronidase activation and bile pigment stone formation. Chandy 19 suggested that JAD is correlated with choletithiasis incidence because of the retention and infection of the bile duct. Third, stenosing papillitis induced by JAD could affect the spontaneous process of removing stones through the ampulla.
Treatment strategies
We believe treatment strategies should be planned according to the types, clinical presentations and complications of JAD. For Juxtapapillary diverticulum type, most patients (75%) did not show any obviously clinical manifestations. This group of patients needed no surgery, but simply conservative management. Patients presenting with JAD accompanied with severe complications such as retention, cholelithiasis, bleeding, or perforation were recommended for surgical treatment (25%). Diverticulectomy or Diverticula Rhaphy is necessary, but cholecystectomy and/or Choledocholithotomy should be performed to remove the stones. There is a high injury risk to the bile duct, pancreatic duct, or the duodenum when resecting the diverticulum because of the complicated papillary anatomic structure or bad adhesion. Therefore, avoiding any injuries to the biliopancreatic duct or the duodenum during surgeries may be difficult. For such cases, partial gastrectomy and gastrojejunostomy should be considered to reduce complications caused by retention. This strategy may increase the chances of a favorable outcome. Aggressive surgery is needed for patients exhibiting Intradiverticulum type because of cholecystolithiasis and/or choledocholithiasis associated with biliopancreatic diseases (76%). Patients with these conditions are more difficult to treat surgically than those with Juxtapapillary diverticulum type. Therefore, performing Simple Diverticulectomy or Diverticulerhaphy is essential, and Cholecystectomy and/or Choledocholithotomy may be necessary as well. Choledochotransection with Roux-en-Y choledochojejunostomy may be required if there is grave bile duct reflux or a narrow opening of the papilla. Combined diverticulo-sphincteroplasty may also be used to treat these conditions. Combined diverticulosphincteroplasty is performed using an inverted V pattern excision between the opening of the ampulla and the opening of the diverticulum. The procedure is safe and effective for treating JAD since stenosing of the ampulla is released which prevents chymous retention. In our study, endoscopic sphincterotomy (EST) is effective for treating elderly patients or those with choledocholithiasis accompanied with mild papilla stenosing. Besides the traditional open surgery treatment of JAD, favorable outcomes may also be achieved using nonoperative or endoscopic treatment, 26, 27 and laparoscopic diverticulectomy surgery. [28] [29] [30] 
